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Sub-nanosecond GPS Time Transfer
Outline

0 Precise time transfer at JPL (a partial history)

o VLBI

0 Common view GPS

0 Global solution GPS ( The topic of this talk)
0 GPS signal. Information content in pseudorange and carrier phase.
0 Global solution approach and errors

0 Results

0 Future prospects
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JPRL GPS Signal Structure

GPS Satellite

Carrier phase

1 cycle ~ 190/244 mm for L1/L2 frequency
1 sec system noise error ~ 0.025 ns
(codeless, ionospheric delay corrected
Unknown bias of n cycles

Not to scaie, one P chip s
really 154 carrier cycles,
one C/A chip is 1540 carrier
cycles

Pseudorange

1 chip ~ 30 meters
1 sec system noise error ~ 5 ns
(codeless, ionospheric delay corrected)
Unambiguous
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Global GPS Solution
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unknown bias

Noise on B is ~5
ns/sqri(t), where t
is length of track
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estimated with
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Pseudo-Range
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JPL Global GPS Solution
Estimation Strategy

" Common GPS Satellites are tracked by -35 Ground Sites.
15" Sub-ns clock sync obtained between sites with no common

view
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1" This allows simultaneous solutions Of:

. Satellite Ephemerides & Clocks (white noise)

. Ground Positions & Clocks (white noise)

. Random Walk Tropospheric Delays

¢ Earth Orientation

. Solar Radiation Pressure

* -1,500 non-clock parameters each day

.~ 22,000 station and satellite clock parameters
e using -100,000 measurements/day

1" Calibrated effects include:

. General & Special Relativity

. lonospheric Delay
LEY, 6-2-95



Global GPS Solution

Estimation Strategy (contd)

APL

" Measurement precision is 0.01 ns every 5 minutes.

=" Error sources:

* Noise

+ Signal Multipath

* Orbit Error

+ UncalibratedTroposphere Delay
 lonosphere Calibration Error
 Variations in instrumental delay

1" |Inferred Time Transfer Error; 100-200 ps
(Intercontinental distances, 30 hour segments)

LEY, 6-2-95
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Clock offset (nsec)
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Global GPS Solotion
(0.030 ns clock offset precision)

Measurement of DSN Clocks with GPS

Canberra-Goldstone
ko)
\o k
rate = +0.64 (-13) sec/sec —a °
- - O
rms about fit = 0.03 nsec o © o_°%
\0 % ©° °
0\ o :
22 22.5 23 23.5 24

Time Sep 22 1992 (UTC hrs)
LEY, 6-2-95




I——U—' Global GPS Solution

(3.5 x 10-16 clock rate precision)

GPS DSN Clock Offset Determination
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